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Abstract. —Winter crude protein content, in vitro digestibility, and productivity were determined for seven
accessions of black sagebrush {Artemisia nova) grown in a uniform garden. No significant differences were detected

among the accessions for any of these attributes. Mean crude protein was 6.8% of dry matter. Accessional range was
from 5.8% to 7.3%. Mean in vitro digestion was 54.8% of dry matter; accessional range, 51.9% to 57.2%. Mean current

year's growth (a measurement of productivity) was 4.3 cm; accessional range, from 3.7 to 5. 1 cm. In comparison to other

winter forages, black sagebrush ranks high for winter levels of crude protein and very high in winter digestible dry
matter but low in productivity.

Protein and energy-producing compounds
are two of three nutrients commonly listed as

being deficient in the winter diet of ruminants

on native ranges (Dietz 1965, Halls 1970,

Nagy and Wallmo 1971, Welch and McArthur
1979a). Plants that retain significant amounts
of green leaves during the winter usually con-

tain higher levels of protein and are more
digestible than those that shed their leaves

(Ensminger and Olentine 1978, Welch 1983).

Wehave reported significant differential pref-

erence of wintering mule deer (Odocoileus

hemionus heniionus) among seven accessions

of black sagebrush (Artemisia nova) (Behan

and Welch 1985). Significant variation in win-

ter nutrient levels among accessions of a re-

lated species, big sagebrush (A. tridentata),

grown in a uniform garden has been reported

(McArthur and Welch 1982, Welch and
McArthur 1979b, Welch and Pederson 1981),

but there has been little information until now
concerning variation in winter nutrient levels

among accessions of black sagebrush. Weun-

dertook this study to determine the winter

nutritive content of seven accessions of black

sagebrush grown in a uniform garden.

Materials and Methods

On a uniform shrub garden located at the

Gordon Creek Wildlife Management Area
lear Helper, Utah, seven accessions were se-

lected to determine in vitro digestibility, pro-

ductivity, and levels of crude protein. The
accessions had been transplanted as seedlings

from various native source locations (Table 1).

Within each accession, seven individual

plants were randomly selected to furnish the

vegetative tissue needed for testing. Because

of heavy grazing on twig tips by wintering

mule deer, composite sampling had to be
used for the Spring Valley and Win gate Mesa
accessions. Only twigs with terminal buds and

leaves were collected from the plants. Sam-
pling occurred on 3 December 1982.

Vegetative samples (current year's growth

of stems and leaves) were collected from each

plant, placed in separate paper bags and

frozen on site with dry ice. Individual samples

were placed in separate plastic bags tied and

sealed in a second bag. The double-bagged

samples were stored at —35 C until ground.

The samples were ground while submerged

in liquid nitrogen in a motorized mortar and

pestle. Th was done to prevent loss of

volatile su stances such as monoterpenoids

that may suppress cellulolytic microorgan-

isms and to aid in grinding the samples (1/2

mm, Hobbs et al. 1985). Next the ground

samples were stored in airtight containers at

—35 C until needed for protein determination

or digestion trials.

Crude protein levels were determined by

the Kjeldahl method (Association of Official
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Table 1. Locations by county, state, and landmark, or town where each of seven accessions of black sagebrush

(Artemisia nova) were collected.

Accession Location

Pine Valley Ridge

Manti

Black Mountain

Spring Valley

Dove Creek

Wingate Mesa
Fremont Junction

Millard, Utah (Desert Experimental Range)

Sanpete, Utah (Manti)

Sevier, Utah (Salina)

White Pine, Nev. (Jet. US-93, 6, and 50)

Dolores, Colo. (Dove Creek)

San Juan County, Utah (Fry Canyon)
Sevier, Utah (Fremont Jet.)

Table 2. Mean winter crude protein, in vitro digesti-

bility, and productivity for seven accessions of black sage-

brush (Artemisia nova) grown in a uniform garden.

Protein and digestibility data are expressed as percent of

dry matter. Productivity data are expressed in length of

leader growth in centimeters. Means for all measure-

ments were found not to be significantly diflFerent.

Crude Leader

protein Digestibility growth

Accession (%) (%) (cm)

Spring Valley' 5.8 54.6 3.7

Manti 6.5 57.2 4.1

Black Mountain 6.9 55.9 3.7

Fremont Junction 6.9 55.6 5.1

Dove Creek 7.1 55.6 4.6

Wingate Mesa' 7.2 51.9 3.9

Pine Valley Ridge 7.3 53.5 4.5

'Samples of the Spring Valley and Wingate Mesa accessions were com-

posited and not included in the analysis of variance.

Analytical Chemists 1980). Crude protein

data are expressed as a percentage of dry mat-

ter. Weused the in vitro digestion procedure

as outlined by Pearson (1970), except 1.0 g of

fresh tissue was placed in digestion tubes.

Rumen inoculum was collected from a slaugh-

terhouse steer fed a ration of alfalfa hay and
corn. Welch et al. (1983) have reported that

inoculum source has little effect on the rank-

ing of the digestibility of range forages. Re-

sults of the digestion trials are expressed as a

percentage of dry matter digested.

Percentage values for the crude protein

were transformed (arcsin) before performing a

completely random analysis of variance. Per-

centages for in vitro digestion were in the

range that did not require transformation

prior to the analysis of variance. For signifi-

cant F ratios, Student-Newman multiple

range test (P < 0.05) was used to determine
differences among treatment means. Because
of the composite sampling, the Spring Valley

and Wingate Mesa accessions were not in-

cluded in the analysis of variance for crude
protein and in vitro digestion.

Prior to deer use, the plants were used to

determine current year's growth, an indicator

of production. Current year's growth was de-

termined by measuring the annual leader

length of 15 leaders per plant. Leader lengths

were measured to the nearest centimeter

from the terminal leaf bud scars to the tip of

the current terminal leaves. The leaders were
selected at random over the entire crown of

the plants. A plant mean was calculated from

the 15 measurements. Current year growth

data were expressed as centimeters and were
statistically analyzed as described for crude

protein and in vitro digestion.

Results ANDDiscussion

Results of the crude protein determinations

are given in Table 2. Mean winter crude pro-

tein content for black sagebrush was 6.8%.

Accessional range was from 5.8% to 7.3%. The
Pine Valley Ridge accession contained the

highest amount of crude protein at 7.3%. No
significant differences among the accessions

were detected.

Our crude protein levels are considerably

less than the 11.7% level reported by Sheehy

'

(1975) and less than the 8.5% reported by the

National Academy of Sciences (1964). Weare

not sure that the latter figure was for the win-

'

ter period. Averaging the three studies, blacl<''

sagebrush winter crude protein content;

would be about 9.0% of dry matter. A winter

crude protein level of 9.0% ranks high amon^
winter range forages (Table 3).

Winter in vitro digestibility of the sever

accessions of black sagebrush is given in Tabk
3. Mean in vitro digestibility was 54.8% of dr)

matter digested. Accessional range was fron

51.9% to 57.2%. The Manti accession was thf

most readily digested at 57.2%. No significan

differences were detected among the acces

'isi
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Table 3. Mean winter crude protein content (percentage of dry matter) of some range plants.

Plant Crude protein Range Reference

Agropyron desertorum 15.0 19*

(green-regrowth)

Artemisia tridentata n.4 (9.9-14.2) 1, 2, 3, 4, 6, 8, 12, 16, 19
Cercocarpus ledifolius 10.1 (9.6-10.6) 3,7
Atriplex canescens 9.6 11
Artemisia nova 9.0 (6.9-11.7) 12, 20, 17
Prunus virginiana 8.7 (7.6-9.9) 3, 5, 10, 15
Cowania mexicana 8.6 (8.4-8.8) 5,13
Purshia glandulosa 8.5 (8.0-9.0) 3,13
Juniperus scopulorum 8.4 1

Populus tremuloides 7.8 (6.5-9.5) 3, 10, 15
Chrysothamnus nauseous 7.8 (5.9-7.8) 1,10
Cercocarpus montanus 7.8 (7.2-8.4) 1,5,8
Purshia tridentata 7.8 (6.7-9.1) 1, 3, 4, 7, 8, 10, 13
Atriplex confertifolia 7.7 9
Juniperus osteosperma 6.6 (5.9-7.6) 3,5,7
Chrysothamnus viscidiflorus 5.9 19
Amelanchier alnifolia 5.9 (5.5-6.2) 3, 10
Rosa woodsii 5.8 (5.4-6.1) 15,18
Quercus gamhelii 5.3 (5.1-5.4) 5,16
Fallugia paradoxa 4.8 13
Amelanchier utahensis 4.8 15
Agropyron desertorum 3.9 10

Native grass 3.6 3

Stipa comata 3.5 (2.9-4.0) 9, 10

Oryzopsis hymenoides 3.0 (2.5-3.5) 10, 17

*Reference;

1. Dietzetal. 1962 11. Welch and Monsen 1981

2. Welch and McArthur 1979b 12. Sheehy 1975
3. Tuellerl979 13. Welch et al. 1983a

4. Bissell et al. 1955 14. Welch and Monsen 1984
5. Smith 1957 15. Dietz 1972

6. Smith 1950 16. Kufeldetal. 1981

7. Smith 1952 17. National Academy of Sciences 1964

8. Medin and Anderson 1979 (Data converted to dry matter basis) 18. Welch and Andrus 1977

9. National Academy of Sciences 1975 19. Urness et al. 1983

10. National Academy of Sciences 1958 20. This study

sions. Our mean in vitro digestibility com-
pares favorably with reports by Sheehy (1975)

at 53. 1%and with Welch et al. (1983b), also at

53.1%. Mean in vitro dry matter digestibility

for the three studies is 53.7%. Black sage-

brush ranks very high in digestibility among
winter range forages (Table 4). Ammannet al.

(1973) estimated that dry-matter digestibility

of 50% would provide sufficient energy for

maintenance.

Mean current year's growth was 4.3 cm,
accessional range, 3. 7 to 5. 1 cm. The Fremont
Junction was the most productive at 5.1 cm
(Table 2). No significant differences among
the accessions were detected. Black sage-

brush is not as productive as other winter
range forages such as big sagebrush (Artemisia

tridentata), antelope bitterbrush (Purshia tri-

dentata), fourwing saltbush (Atriplex canes-

cens), and true mountain mahogany (Cerco-

carpus montanus) (McArthur and Welch
1982, McArthur et al. 1983). Black sagebrush

is adaptable to sites where the more produc-

tive species do not grow.

Black sagebrush ranks high in winter levels

of crude protein and very high in digestible

dry matter in comparison to other forages.

Phosphorus content is probably high also (Na-

tional Academy of Sciences 1964). From a

qualitative point of view winter nutrient con-

tent of black sagebrush is exceeded only by

big sagebrush (Tables 3 and 4; Welch 1983).

Lack of significant differences among the

seven accessions for the three characters

tested suggests that breeding and selection

schemes stressing improvement of these at-

tributes would be fruitless. Wehave reported

earlier that wintering mule deer significantly

preferred the Pine Valley Ridge accessions

over the other accessions tested (Behan and
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Table 4. Mean winter in vitro digestion of some range plants. Data are expressed as a percentage of dry matter

digested.

Plant

Dr>' matter

digested Range Refer

Artemisia tridentata

Artemisia spinescens

Artemisia nova

Sporobolus cnjptandrus

Agropyron smithii

Oryzopsis hijmenoides

Cercocarpus ledifolius

Rosa eglanteria (hips)

Hilariajamesii

Stipa comata

Agropyron spicatum.

Ceratoides lanata

Chrysothamnus nauseous

Atriplex confertifolia

Amelanchier utahensis

Prunus virginiana

Atriplex canescens

Cowania mexicana

Purshia glandtdosa

Amelanchier alnifolia

Kochia prostrata

Fallugia paradoxa

Quercus gamhelii

Purshia tridentata

Cercocarpus montanus

57.4

57.0

53.7

53.2

50.2

50.0

49.1

49.1

48.2

48.1

45.5

44.7

44.4

43.4

41.0

38.8

38.3

37.6

35.8

34.6

32.2

29.8

28.1

25.4

24.3

(49.9-67.0) 2, 3, 4, 5, 6, 7, 10

8

(53.1-54.0) 3, 8, 14

8

10

(45.7-54.2) 8,10
(44.7-53.5) 4,6

6

8

10

10

(26.3-51.3)

(19.8-30.0)

(20.0-28.5)

10

8

1

1, 11

9

12

12

10

13

12

2

4, 6, 10, 12

4,6

* References:

1. Dietzl972

2. Kufeld et al. 1981

3. Sheehyl975
4. Umess et al. 1977

5. Wallmo et al. 1977

6. Welch and Pederson 1981

7. Pederson and Welch 1982

Welch etal. 1983b

Welch and Monsen 1984

Ward 1971

Uresk et al. 1975

Welch et al. 1983a

Welch and Davis 1984

This study

Welch 1985). Also, Clary and Beale (1983) noted

that pronghom and domestic sheep both pre-

ferred black sagebrush that grows on the Desert

Experimental Range in Pine Valley. This is the

same kind of black sagebrush as our collection

from the Pine Valley Ridge (just north of the

Desert Experimental Range). Wewill be testing

the adaptation range of the Pine Valley Ridge

accession in preparation for releasing it through

the Soil Conservation Service's plant material

program as a superior cultivar of black sagebrush

for improving winter ranges for domestic sheep,

pronghom, and mule deer.
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